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ABSTRACT: Small, round, blue-cell tumors (SRCT), including rhabdomyosarcoma, Ewing’s sarcoma
of bone and soft tissue, mesenchymal chondrosarcoma, small cell osteosarcoma, hemangio-
pericytoma, neuroblastoma, peripheral neurectodermal tumor (peripheral neuroepithelioma
of bone and soft tissue), and the malignant small cell tumor of the thoracopulmonary region
described by Askin (Askin’s tumor), are often difficult to distinguish by light microscopy. We
have evaluated the cytogenetics of these tumors by studying 24 tumor explants in short-term
culture and 22 tumor cell lines. In Ewing’s sarcoma (a tumor of unknown histogenesis), and
in peripheral neuroepithelioma and Askin’s tumor (tumors with evidence of neural originj,
we have observed an indistinguishable t(11;22) translocation.

INTRODUCTION

The development of chromosome banding techniques has resulted in significant
progress in the cytogenetic characterization of solid tumors of children and young
adults. One subset of these tumors, the small, round, blue-cell tumors (SRCT) (Table
1), which includes rhabdomyosarcoma, Ewing’s sarcoma of bone and soft tissue,
mesenchymal chondrosarcoma, small cell osteosarcoma, hemangiopericytoma, neu-
roblastoma, and peripheral neuroectodermal tumors (both peripheral neuroepithe-
lioma of bone and soft tissue and the small cell tumor of the thoracopulmonary
region described by Askin [1]), are often difficult to definitively distinguish by light
microscopy alone. In an attempt to further compare and contrast these SRCT of
childhood, we have evaluated the cytogenetics of these tumors by studying 24 tu-
mor explants in short-term culture and 22 tumor cell lines.
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Table 1 Classification of SRCT

Soft Tissue
Rhabdomyosarcoma
Soft tissue (extraosseous) Ewing’s sarcoma
Hemangiopericytoma
Bone
Ewing’s sarcoma
Small cell osteosarcoma
Mesenchymal chondrosarcoma
Hemangiopericytoma of bone
Neural
Neuroblastoma
Peripheral neuroctodermal tumors
Askin’s tumor
Neuroepithelioma
Pheochromocytoma

MATERIALS AND METHODS

Direct and Short-Term Cultures

Direct cytogenetic studies were performed on bone marrow aspirates, pleural fluids,
and tumor samples obtained from 24 patients referred to the Pediatric Oncology
Branch, NCI, Clinical Center, NIH {see AppENDIX for brief case histories). There were
eight cases of Ewing's sarcoma, three Askin’s tumors of the chest wall, one soft
tissue (extraosseous) Ewing’s sarcoma, three peripheral neuroepitheliomas, two
rhabdomyosarcomas, one ganglioneuroblastoma, and six pheochromocytomas. Tu-
mor tissue was minced and then forced through an 190-micron pore size stainless
steel mesh (Cellector, Bellco Glass, Vineland, NJ) to obtain single cell suspensions.
Cells were collected either in a colcemid solution for direct preparation, or in RPMI
1640 medium (Grand Island Biological Company, Grand Island, NY) supplemented
with 15% fetal calf serum and penicillin—streptomycin, and cultured for 1-4 days.
After a short exposure to colcemid (1 hour at 0.2 pg/cc), the cells were treated with
a hypotonic solution (1:1, 0.075M KCl/1% sodium citrate) for 20 minutes and then
fixed in Carnoy’s fixative (3:1, glacial acetic acid/absolute ethanol). The cells were
then washed in several changes of fixative and slides were prepared by the air-dry
method. The chromosome preparations were stained with conventional Giemsa and
trypsin—Giemsa banding stains [2]. Fifty metaphases (when possible) were exam-
ined from each sample and karyotyped according to the Paris Conference standard-
ization [3].

Establishment of Long-term Tumor Cell Lines

Biopsy specimens of solid tumors from the operating room were maintained under
sterile conditions on wet gauze soaked in physiclogic saline. As soon as possible,
the tissue was finely minced, suspended in RPMI 1640 medium, and washed once
by low speed centrifugation. Pelleted tissue was then resuspended in a minimal
volume of medium containing 15% fetal calf serum and incubated at 37°C in 5%
CO, until a cell line emerged or viability of the culture could no longer be main-
tained.

Long-term tissue culture lines were studied from 22 individuals (13 of the 22
were also studied by direct tumor sampling), including 13 Ewing’s patients, five
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Askin’s, one soft-tissue Ewing’s, two peripheral neuroepithelioma, and one rhab-
domyosarcoma. The oldest cell line was started in 1974. Some of the older lines
were derived by G. Cannon (Litton Bionetics Corporation, Rockville, MD). See ap-
PENDIX for case histories.

RESULTS

Ewing’s

Figure

from a direct tumor preparation
from patient 3-13 (Ewing’s sar-
coma) showing t(11;22)(q23.3;

Tables 2, 3, and 4 contain the following data for each specimen: the age and sex of
the patient, specimen type, chromosome number (modal and range), and clonal
abnormalities observed in 50% or more of all metaphases examined. A summary of
the occurrence of a t(11;22) marker in the various diseases is shown in Table 5 and
the translocation is divided into three categories: typical translocation
[t(11;22)(q24;912)], complex translocation (involving three or more chromosomes),
and presence of other translocations without t(11;22).

Sarcoma

Direct cytogenetic studies of tumor or tumor-involved bone marrow were made for
eight patients; successful preparations were obtained in four patients. Two patients
(3-13, 2-6) had pseudodiploid karyotypes with the previously described
t(11;22)(q24;q12) translocation [4] (Fig. 1}. A third patient (10-20) had a hyperdi-
ploid karyotype with t(11;22) showing a higher breakpoint on chromosome #11,
t(11;22)(q21:q12) by direct study, whereas, a tissue culture line (N1024) from the
latter patient showed the same translocaton, numerical abnormalities, and
1(2;4)(q37;q13) (Fig. 2). A fourth patient (10-2) had t(11;22){q24;q12) in both the
direct specimen and the cell line (TC128) derived from his tumor. A translocation
involving chromosomes #6 and #12, t(6;12)(p13;q14), was also observed in the
specimens from this patient (Figure 3A).

In another case (5-23) where both direct tumor sampling and tissue culture stud-
ies were performed, no mitoses were obtained in the direct sample, but karyotypes
obtained from the established cell line (TC180) showed a complex translocation,
1(11;18;22)(q24;922;q12), and —7,+12,+18, and t(10;21)(q12;p11).

Tissue culture cell lines established from a variety of tissues were available from
ten additional patients with Ewing’s sarcoma referred to the NCI: two were initiated
directly from tumor tissue, three from pleural fluid, one from lymph node, and four
from bone marrow. All of them had a translocation between chromosomes #11 and

1 Partial karyotype q

(.
RV

q11.2). Arrows indicate location der(11) der(22)

of breakpoints in the patient’s

chromosomes and the idiograms

of chromosomes #11 and #22. 11 22



189

‘ad£)041eY [EULIOU B pRY SBWOSOWOIYD 9F IIM S[[90 ay L,

*910U)00] Z B[qEL 89S0,

(z1bzb)(zZ: TIN'ZZ+ ‘BT + 2L+ 8+ 9+ 'S+ T+ (ES—€P)L¥ our g L 000TIN/E-02
(zibipzb) (22 L2z + 2L +'9+‘S+P+  (£5-9F)EC-1G: L3O Inp L W/HL £-02
(ztbipezb)(zz T 1)1 (bT)rOT + S + (6¥—9%)gy  ow 41 L TEOL/ST-TT
(z1bwzb)(zzi11h 9% 1np Wd ALt ST-11
$3S01IUI ON 1np L W/S G1r-ot
VWOITIHLIdAONNAN TVIAHINEd
(zib¥zb)(zzTT)
‘(vebirzb)(9t L (e1bie1b)(z2 w1 (12b)(e)iop! (F1d)(g)1ap (BTTI'D6DL)I  ($6—21)26'06'LF 9% 7L61 L 00TdHD
(rrdizibspzbizeb)(tzizz trigh (e 1di9ed) (b 1)¥ (£2zbizzb) (e 1 )10 — ‘@ + (8¥—¢¥)9v €461 L DINNDIS
—ztbzz'at+‘g+ (t1s—-Ss¥)8y our g ad 8001N/8-02
SaSOTUI ON Inp Ad d/€¢€ 8-02
(z1b%zb)(zz 1)y Z +'X — (Lt—zb)ov  sAep e W4 9T0IN/Z-61
(ztb¥zb)(zz!1Th (67—9%)8% LY Ip Wd d/91 L61
(moirews suoq) [ewrioN (Z¥—1P)9v M Z Wg CI0TXN/61-61
(ztbwzb)(zz T8 + ‘11 + (8v—z¥)av . ot Ip Wd W/ze 61-61
JOWN.L S.NDISV
pSI182 JO %Q0S= UT SAT}I[PULIOU(E [BUWOSOWOIYD [BUO]) (eBuel1) LIy a:mE_umaw x8G/(14) a8y DL/Ld

Iaquinu [epo

eworjayirdeomsu [ersyduad pue rouin) sup{sy g ajqel,



190

*9)0U}00] 7 3[qel 99S,'s",

T zunor@sh ey (sieni(zz: ) {611 1s[[e0 § ‘a3ueyo [emonng

91+ :[[e0 1 ‘a8ueyd [eolIsWNN (6¥—£¥)9¥ sAep ¢ ad
(z1h) st1e0 g/Z1# swosowoIy)
(1 ‘wre big ‘ure d) s[[80 g/11# SWOSOWOIY)) :S[[aD £ ‘g8ueyd [RIN}ONLS
(¢ ‘mure bi1 ‘uire d) s[[e0 §/1# SWOSOWOIYD) :S[[83 ¥ ‘gBueyd [eoOWINN (9%—S¥)o¥ sfep ¢ Ad W/12 2-11
VINOISVTdOANINOITIONYD
(webetb)(eT ¥ (zzb)(9)eP'0Z + ‘T + ' TT +'8 +'E+° T+ X + (19-8%)%S ou 01 L /61 LIET-DL
$3S0)TUI ON Imp L A/01 8-¥
+bpriboT)r(gTbi2Zb)(112)h  (26-9%)88-¥8°9¥ Inp Wd Avt a4
VINOOIVSOANOJIVHI
(erd:yib)(z1ion (L¥—2¥)9t ow g L OTOTINN/Z-ET
(erdwib)(zrigh (ov—g¥)9¥ Ip A /ST TEL
YNODIVS S.ONIMA (SNOISSOVILXH) INSSIL LA0S
S[[32 JO %0SG= Ul S3I}[[BULIOUE [EWOSOWOIYD [BUO[D (e8ue) ,8Inmy aamEGwmm xag/(14) a8y DL/Ld

Iaquinu [epPON

BUI0}SB[GOINSUOT[SURS pUE ‘BWODIBSOATIOPQRYI "BUIODIRS s Suimy (SNoassoeI)Xa) anssy} Jos ¥ Aqe],



191

‘11# SUIAJOAUT UOTIEDO[SURT} OU [HIM (z1b)(zZ)1ep ATuo pey jusyed suQ,

-adf1041eY [ewou e pey jusned suQ,

‘(#1bie1d)(z1:9)1 pey osye yuened auQ,

(e1dp1be—rab)(z1i0)1,

(zz) z2 (¥2) tL @0,
1 (03R4 ewojse[qoInauoydues
(t1d:z1bipzhizeb) 9o BWOIAO0WOII00Y ]
(1zizziivieh
)1 1 4 2(8) § z €)z Iown, s,unysy
ewoljeyjrdaoman
z [t454 z (e)e [eraydusg
Journ) [einaN
(zzbizibipzb)(LTizeTIN
(z1bizzbiveb)(zz 1T
(ztbiizb)(zziih (zibtrgb}{zz!tIh
€ 40T (e1) €1 1 o€ ®% BWOIES S Suimy
Journ) auog
BUIOOIES 5 Suimy
ol (1 ol (Wt (anssy 1os) snoassorxxy
1 (304 T @t BwIODIRSOAWIOPqRYY
anssn Jyog
SUONEJO[SURT) Hp 10 xa[duion) (z1bpzb)(zzitIN (1e30L) oong SUOT}ROO[SUBT] BIp 1o xaydwon (z1bpzb)(zziTIN (1e101) oong aseasi(q
Iayio g sjuaned 1ayjo Inq sjuanjed
(zzitih oN (eetih J0 JaquIny (22110 oN (zztin J0 TaquImy
amjmny 10a1(]

LOYS Ul SUOTIBOO[SURI] SUIOSOWOIYY) ¢ J[qe],



r»4d
ice il

e

i
<

J. Whang-Peng et al.

L

/

3 4 J

13) del(9)(p12)

r e
2
™ t(2:4)(q371q

-
o

a2

1(11:22)(q21;q12) \

9 10 I 12

Af 2is SE X2

)

oK L =&
16 117 18

_ &

19 20 21

XY

Figure 2 Karyotype from tumor cell lines N1024, established from a male patient with Ew-
ing’s sarcoma: 51,XY,+5,+ 8, +12,+15,1(2;4)(q37;q13),del(9)(p12),t(11;22)(q21:q12).

#22: nine cultures had t{11;22)(q24;q21) (Figs. 4 and 5) and one had a complex
translocation, t(11;22;17)(q24;q12;q922) (Fig. 6).

Askin’s Tumor

Cytogenetic studies were performed on tumor tissue and on cell lines established
from tumor tissue obtained at biopsy from three patients with Askin’s tumor. Prep-
arations adequate for study were obtained from tumor tissue from two patients (19-
19 and 19-7). These studies revealed chromosome numbers in the diploid range and
t(11;22) (Fig. 7). In the first patient (19-19) a cell line derived from tumor aspirated
from the bone marrow (NX1012) showed a normal karyotype and in the other pa-
tient (19-7) a tumor cell line (N1016) showed t{11;22) (Fig. 7). In the third patient
(20-8) direct studies were unsuccessful and the tissue culture (N1008) had 45-51
chromosomes and del(22)(q12) with no clear evidence of a translocation site. Two
additional cell lines (SKNMC and CHP100) that were studied had numerous chro-
mosomal abnormalities and chromosome numbers in the diploid (SKNMC) or dip-
loid/tetraploid {CHP100) ranges. Tissue culture CHP100 had t(11;22)(q24;q12) and
SKNMC had a complex translocation, t(2;11;22;21) (Fig. 7).
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Figure 5 Two karyotypes from bone marrow cell line N1003, established from a male patient with Ewing’s sarcoma.
i dup(1)(gter—~q22::qter—cen—qter),del(6)(q24) (A) 45XY,—9,—16,t(10;14)(p11;q11),t(11;22)(q24;q12),del(13)(q13q14),

+min[del(14)(q11)]. (B) Partial karyotype showing the same structural abnormalities as in (A).
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A1

@ J
Wt(11;22)(q24;912)

" 4 g\

A2

»

"

2 t(2;11;22; 21)(q32,q24.q12,p1 1)

 4(19;28)(q24:912)
4 11 21 22

t(4; 22)(/:1 3;q13)

Figure 7 Partial karyotypes from four patients with Askin’s tumor. (A1) Patient 19-7 (bone
marrow): —11,(11;22)(q24;q12); (A2) cell line N1016, established from patient 19-7:
t(11;22)(q24:q12); (B) cell line N1008, established from patient 20-8 (pleural fluid):
1(11;22)(q24;q12); (C) cell line SKNMC (tumor): t(2;11;22;21)(q32;q24;q12;p11); (D) cell line
CHP100 (tumor): t(11;22)(q24;q12) and t(4;22)(q13;q13).

Peripheral Neuroepithelioma

Direct studies were performed on three patients (10-15, 11-15, and 20-3; 11-15 and
20-3 have been previously reported) [5]. No mitoses were observed in tumor prep-
arations from one patient (10-15). Tissue culture lines were established from the
two patients (TC32 from 11-15, and N1000 from 20-3). A t(11;22)(q24;q12) translo-
cation was observed in both the direct preparations and the cell lines from these
two patients (Fig. 8).

Soft Tissue Ewing’s Sarcoma

Cytogenetic analyses of both tumor tissue and a tumor cell line were performed on
one patient (13-2). No t(11;22) was found, but a t(6;12)(q14;p13) was observed in
both specimens (Fig. 3B).
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Rhabdomyosarcoma

Cytogenetic analyses of tumor specimens from two patients (4-2 and 4-8) and a
tumor cell line from a third patient (TC-131T) were attempted. Although no mitoses
were found in direct examination of the tumor from one patient (4-8), the tumor
specimen from the other patient (4-2) had karyotypically normal diploid cells
and hypotetraploid cells (84-88 chromosomes) containing t(2;11)(q27;q13),i(10q),
and 14q+ (Fig. 9). The tissue culture line TC-131T had a modal number of 54
chromosomes and most cells contained +X,+1,+3,+8,+8,+11,+12,+20,
+20,del(6)(q22), and t(4;13)(q13;934) (Fig. 10). Neither of these samples showed any
evidence of a translocation between chromosomes #11 and #22, nor a deletion of
22q.

Ganglioneuroblastoma

Chromosome preparations were made from short-term culture of pleural fluid and
peripheral blood from the only patient studied (11-7). Two-thirds of the mitoses
examined in the pleural fluid showed structural and numerical abnormalities.
Although no clonal abnormalities were observed, the structural abnormal-
ities involved chromosomes #11 and #12. One-third of the peripheral blood
metaphases also showed structural and numerical abnormalities that involved 11
different chromosomes but, again, without evidence of a clonal rearrangement
(Fig. 11).

Pheochromocytoma

Cytogenetic analysis was performed on tumor tissue from six patients; however, no
mitoses were observed in any of the samples.

Figure 9 Two partial karyotypes from direct bone marrow from rhabdomyosarcoma patient
4-2: t(2;11)(q27;913),i(10q),149 +.
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Figure 10 Karyotype from tumor cell line TC-131T, established from a patient with rhab-
domyosarcoma: 54, XXY,+1,+8,+8,+11,+12,+ 20, + 20,t(4;13){q13;q34),del(6)(g22).

Ve

SUMMARY

There were a total of 22 patients who had t(11;22) or 22q— (one patient) in either
the direct and/or tissue culture samples. The number of patients with numerical
and structural abnormalities in 50% or more of the cells are plotted in Figure 12.
In addition to chromosomes #11 and #22, chromosomes #1, #2, and #6 were
most frequently involved in structural abnormalities, and chromosomes #8 and #5
were most frequently involved in numerical abnormalities. Every chromosome pair
was involved in structural and/or numerical abnormalities in at least one patient.

We were successful in obtaining satisfactory material for cytogenetic analyses of
nearly 50% (11 of 24) of the cases examined by direct and/or short-term culture
preparation of tumor tissue.

DISCUSSION

Detailed cytogenetic analyses were performed on 24 SRCT studied by direct or
short-term culture (1—4 days); 22 established tumor cell lines were also examined.
A t(11;22) translocation was observed in each of the 15 specimens from patients
with Ewing’s sarcoma of bone, in the material from both cases of peripheral neu-
roepithelioma, and in four of the specimens from patients with Askin’s tumor. In
the fifth patient with Askin’s tumor, a deletion of 22q12 was detected. We obtained
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Figure 11 Four partial karyo-
types from a patient 11-7 with
ganglioneuroblastoma. {A)Pleural
fluid:  t(1;11)(q22;p13); (B-D)
various structural abnormalities
observed in stimulated periph-
eral blood preparation.

metaphase cells with 500~800 bands from the tumor from one patient with Ewing’s
sarcoma and these cells showed the breakpoints to be at band q23.2 in chromosome
#11 and at band q11.2 in chromosome #22. In accordance with the Paris Confer-
ence Nomenclature Standardization [3], we designated the resulting translocation
1(11;22)(q24;q12). It is of interest that the tumor from the patient with soft Ewing’s
sarcoma, which had evidence of vascular origin by electron microscopy, did not
demonstrate evidence of t(11;22), raising the possibility that this tumor may repre-
sent a very primitive angiosarcoma that is unrelated in origin to classical Ewing’s
sarcoma of bone.

Each of the four direct cytogenetic examinations of tumor specimens from pa-
tients with Ewing’s sarcoma contained t(11;22). Breakpoints on chromosome #11
were observed at q24 in three cases and at a higher breakpoint, t(11;22){q21;g12),
in the fourth case. All 13 cell lines established from Ewing’s sarcoma also had
t(11;22): 10 had t(11;22)(q24;q12), two had a complex translocation involving a
third chromosome (chromosome #17 or #18), and one had a different breakpoint
on chromosome #11, t(11;22)(q21;q12). The most complex translocation
involving chromosomes #11 and #22, t(2;11;22;21), was observed in the Askin’s
cell line SKNMC; other abnormalities in this line included +8,—10,t(1;3)(q22;q27),
and t(1;4)(p36;p13). This line had been studied previously by Biedler and Spengler
nearly nine years ago [6]. At that time they reported modal numbers of 46 and 47,
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Figure 12 Incidence of numerical and structural chromosomal abnormalities in 22 patients
with 1(11;22).

numerical abnormalities including +6, —10, and —15, and structural abnormali-
ties, such as inv(11)(p15q23), inv(16)(p11q24)?,t(2;3)(q11;926.2), t(5;10)(q11;q21),
t(5;10()q13;q21), and t(21;22)(p11;q11). The only similarities between their findings
and ours are the —10 and the t(21;22) marker. The observation that chromosome
numbers close to the diploid range are found in the direct examination of tumor
specimens. while numerous numerical and structural changes with hyper-
diploid or tetraploid chromosome numbers are present in the established cell lines,
strongly suggests that the cell lines are karyotypically unstable. Our finding of ex-
tensive changes in SKNMC since its previous description is compatible with this
interpretation.

In reviewing the structural and numerical chromosomal abnormalities in 22 pa-
tients with a t(11;22) marker we found that all chromosomes, including the sex
chromosomes, were involved in at least one case (Fig. 12). Chromosome #1 was
most frequently involved in structural abnormalities, followed by chromosomes #2,
#4, #6, #9, #10, #14, and X. Chromosome #8 was most frequently involved in
numerical abnormalities, followed by #5, #18, #12, and #20.

Turc-Carel et al. [4] reported the results of their cytogenetic studies in five Ew-
ing’s cell lines. They observed partial trisomies of chromosomes #1 (1q21-q31) and
#8 (8g24.1-g24.2) in three of five and five of five of the lines, respectively. Douglass
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et al. [7] noted nonrandom deletions of chromosomes #1 and #3 in their series of
Ewing’s sarcoma patients. Although chromosome #1 was very frequently involved
in structural abnormalities in the present series, no specific site could be identified
as being nonrandom.

Neither homogeneously staining regions (HSR) nor double minutes (DM) were
noted in any of the cytogenetic analyses of our samples either by direct study or by
short- or long-term cultures. In contrast, Turc-Carel et al. [4] found these abnormal-
ities in all five lines studied; however, the frequency of cells displaying either of
these abnormalities varied greatly, both within and among these cell lines. HSR and
DM occur more frequently in long-term than in short-term culture, and usually in
cell lines established from patients who have received treatment [8]. The prepon-
derance of our patients were examined prior to treatment, perhaps explaining the
absence of these markers in our direct preparations. Further, because most of the
cell lines we examined were established prior to therapy, and because most of the
lines were examined in low passage numbers, it is possible that our cell lines differ
significantly from those examined by previous investigators.

The one case (13-2) of soft tissue Ewing’s sarcoma we examined had a translo-
cation involving chromosomes #6 and #12; a translocation involving the same
chromosomes but rearranged at different sites, t(6;12)(q14;p13), was seen in one of
the patients with classic Ewing’s sarcoma of bone. This finding and the absence of
t(11;22) raises the possibility that soft tissue Ewing’s sarcoma is a tumor signifi-
cantly different in origin and pathogenesis from Ewing’s sarcoma of the bone. More
such cases should be studied to determine the significance and incidence of this
abnormality in soft tissue Ewing’s sarcoma.

Two cases of rhabdomyosarcoma were studied, one by direct analysis of tumor
aspirated from the bone marrow (4-2) and one by long-term culture (TC-131T). Tu-
mor from one patient (4-2) had two cell populations, one normal diploid, and one
near-tetraploid (84-88 chromosomes), which showed t(2;11)(q27;q13),i(10q), and
14q+; however, no more details concerning other abnormalities could be deter-
mined due to the poor quality of the near-tetraploid line. The cell line TC-131T
showed hyperdiploidy, del(6)(q22), and t(4;13)(q13;q34). Not only was the t(11;22)
not seen, but the two tumors did not have any chromosomal abnormalities in common,
The single case of ganglioneuroblastoma had multiple numerical and structural
changes but we were unable to detect clonal formation in either pleural fluid or
stimulated peripheral blood; one cell from each sample showed involvement of
chromosome #11.

It is noteworthy that the protooncogene c-sis is located distal to 22q11 [9]. DNA
hybridization studies in peripheral neuroepithelioma and Ewing's sarcoma have
shown that c-sis is translocated to chromosome #11 in both diseases [10, 11]; how-
ever, both our results [10] and those of Bechet et al. [12] have shown the c-sis gene
to be neither activated nor rearranged in Ewing’s sarcoma. Recently, a new onco-
gene, v-ets, a second oncogene found in the E26 strain of avian myeloblastosis virus
has been identified 3’ to v-myb [13, 14]. Leprince et al. [14] recently reported that
v-ets has a cellular counterpart (c-ets) in chicken and human DNA. In humans it is
located at 11q23-24; however, Southern blot analysis of the DNA from five different
Ewing’s sarcoma cell lines by de Taisne et al. [15] has thus far failed to show de-
tectable rearrangement of v-ets. The involvement of either c-sis or c-ets in the ma-
lignant transformation of t(11;22)-related neoplasia remains to be studied.

A constitutional rearrangement, t(11;22)(q23;q11), observed in 32 unrelated fam-
ilies [16], involves breakpoints very similar to those seen in Ewing’s sarcoma, pe-
ripheral neuroepithelioma, and Askin’s tumor [5, 17-19]. However, there is no his-
tory of increased malignancies in these families with this constitutional
rearrangement. The identification of chromosomal rearrangement at specific sites in
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both Ewing’s sarcoma and the peripheral neuroectodermal tumors, and the possi-
bility that known oncogenes are involved in their pathogenesis, are important con-
siderations in our pursuit of the mechanisms that regulate the development of these
tumors.

Chromosome region 11q22-25 was observed by Abe and Sandberg [20] to be sig-
nificantly involved in chromosomal abnormalities in the monocytoid type of child-
hood acute leukemia, especially in infants; however, involvement of segment
11g11-21 was not noted in these patients. They suggested that there may be a rela-
tionship between the origin(s) or mechanism(s) of acute monocytic leukemia of
childhood and infant acute leukemia. The involvement of chromosome bands
11q22-25 in these malignancies, as well as in the tumors described in this report,
may indicate a correlation between events during pregnancy and development of
neoplasms characterized by abnormalities of the 11q22-25 region, as suggested by
Abe and Sandberg. Chromosome #22 is also involved in other types of neoplasia,
most notably in CML and Burkitt's lymphoma.

In conclusion, in our study of small, round, blue-cell tumors we have found
t(11;22) in tumors with evidence of neural origin, peripheral neuroepithelioma, and
the Askin’s tumor that is indistinguishable from the translocation seen in Ewing’s
sarcoma, a tumor of unknown histogenesis. The possibility that these transloca-
tions, in fact, are functionally identical may indicate that there is a similar tissue of
origin for these two distinct histopathologic entities. Although our limited number
of other SRCT did not demonstrate this translocation, further studies may reveal
unsuspected similarities among these tumors.
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APPENDIX

Ewing’s Sarcoma Patients

3-13: 13-year-old male with Ewing's sarcoma of the right thenar eminence with
metastasis to the thoracic spine. He was treated with intensive chemotherapy and
local radiation followed by consolidation with total body irradiation and autologous
bone marrow transplantation. He is now free of disease, 11 months after diagnosis.

2-16: 15-year-old male with Ewing’s sarcoma of the jaw with metastases to the bone
marrow. He was treated with intensive chemotherapy and local irradiation initially,
then consolidation with total body irradiation and autologous bone marrow trans-
plantation. He relapsed 15 months after diagnosis and died 19 months after diag-
nosis.

17-11: 5-year-old male with Ewing’s sarcoma localized to the femur (without metas-
tases). He was treated with intensive chemotherapy and local irradiation and is now
free of disease, 6 months after diagnosis.

2-19: 10-year-old male with Ewing’s sarcoma localized to the tibia (without metas-
tases). He was treated with chemotherapy and local irradiation and is now free of
disease, 6 months after diagnosis.

10-20: 16-year-old male with Ewing’s sarcoma of the zygomatic bone without me-
tastases. He began therapy with intensive chemotherapy but refused further treat-
ment after two courses.

19-4: 23-year-old male with the vascular Ewing’s variant (not classical Ewing’s sar-
coma) of the pelvis with pulmonary metastases. He was treated with intensive che-
motherapy, local irradiation, thoracotomy, and intraoperative irradiation to the pri-
mary tumor mass, followed by total body irradiation and autologous bone marrow
transplantation. He is alive with the disease, 10 months from diagnosis.
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5-23: 15-year-old male with Ewing’s sarcoma localized to the femur (without metas-
tases). He was treated with intensive chemotherapy and local irradiation and is now
free of disease, 6 months after diagnosis.

10-2: 37-year-old male who presented with a large pelvic tumor with involvement
of the iliac bone and extension into the soft tissue by a large tumor mass. Extensive
bilateral pulmonary metastases and bony metastases were present at diagnosis. His-
tologically, the primary tumor was consistent with Ewing’s sarcoma and, of great
interest, the histology was identical to the histology of his brother’s bone tumor that
developed 5 years previously. Further, his son developed and died of acute lym-
phocytic leukemia. He was treated with chemotherapy and irradiation to the pri-
mary and residual metastatic deposits. In spite of this therapy he only achieved a
partial response and 18 months following the diagnosis he had progression of this
disease that resulted in death.

Sarcoma—Tissue Culture Lines

TC 71: This cell line was derived from a 22-year-old male with metastatic Ewing’s
sarcoma that arose in the humerus. The tumor was PAS-positive. The cell line was
derived in 1981 from a biopsy of recurrent tumor at the primary site.

TC 106: This cell line was derived from a 19-year-old male with widespread meta-
static Ewing’s sarcoma that arose in the pelvis with metastases to bone, bone mar-
row, and lung. The tumor demonstrated intracytoplasmic glycogen on both light
and electron microscopy. The cell line was derived in 1982 from a scalp mass prior
to treatment.

A4573: This cell line was derived from a 17-year-old female with metastatic Ew-
ing’s sarcoma that originated in the clavicle and was metastatic to bone and lungs.
The primary tumor consisted of round cells with scant cytoplasm that were PAS-
positive. The cell line was derived in 1976 from pleural fluid following therapy and
relapse.

5838: This cell line was derived from a 27-year-old male with metastatic Ewing’s
sarcoma that arose in the radius and was metastatic to lungs and pleura. The pri-
mary tumor consisted of round cells with hyperchromatic nuclei and clumped
chromatin. Intracellular glycogen was confirmed by the PAS stain. The cell line was
derived in 1974 from pleural fluid following therapy and relapse.

6647: This cell line was derived from a 14-year-old female with metastatic Ew-
ing’s sarcoma that arose in the proximal tibia. The tumor appeared as small
round cells by light microscopy, which demonstrated intracytoplasmic glycogen.
The cell line was derived in 1974 from pleural fluid following therapy and re-
lapse.

A9423: This cell line was derived from a 13-year-old female with metastatic Ew-
ing’s sarcoma that arose in the pubic bone with metastases to bone and lung. The
tumor was composed of small round cells with a fine chromatin pattern, inconspic-
uous nucleoli, and cytoplasmic glycogen. The cell line was derived in 1977 from a
metastatic nodule following treatment and relapse.

N1001: This cell line was derived from an 11-year-old female with widespread met-
astatic Ewing’s sarcoma that arose in the ilium with metastases to bone and bone
marrow. Light and electron microscopy demonstrated smalil round cells with hy-
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perchromatic nuclei, small glycogen deposits, and primitive cell-cell attachments
consistent with Ewing’s sarcoma. The cell line was derived in 1983 from a bone
marrow aspiration following therapy and relapse.

N1002: This cell line was derived from a 25-year-old male with Ewing’s sarcoma
that arose in the rib with metastases to the pleura, lung, mediastinum, heart, and
retroperitoneum, and subsequently, bone marrow. The tumor was composed of
small round cells with round to oval nuclei and indistinct cytoplasm with abundant
glycogen. The cell line was derived in 1983 from a bone marrow aspiration follow-
ing therapy and relapse.

N1003: This cell line was derived from an 18-year-old male with metastatic Ewing’s
sarcoma that arose in the proximal tibia with metastases to the bone, bone marrow,
and lung. The tumor was composed of small cells with round nuclei with intracy-
toplasmic glycogen. The cell line was derived in 1983 from a bone marrow aspira-
tion following therapy and relapse.

N1007: This cell line was derived from a 19-year-old male with metastatic Ewing’s
sarcoma that arose in the humerus with metastases to the bone and bone marrow.
The tumor was composed of small round cells with intracytoplasmic glycogen. The
cell line was derived in 1984 from a bone marrow aspiration following treatment
and relapse.

Askin’s Tumor

19-19: 22-year-old male with a chest wall Askin’s tumor with widespread metas-
tases to bone and bone marrow. He has been treated with intensive chemotherapy
and local radiation and is alive without evidence of disease, 6 months after diag-
nosis.

19-7: 15-year-old female with a chest wall Askin’s tumor with widespread metas-
tases to the bone and bone marrow. She was treated with intensive chemotherapy,
local irradiation, total body irradiation, and autologous bone marrow transplanta-
tion. She relapsed 8 months after diagnosis and is alive and responding to chemo-
therapy, 1 year after diagnosis.

20-8: 31-year-old female with Askin’s tumor localized to the right paraspinal area
at T2. She was treated with intensive chemotherapy, local irradiation, total body
irradiation, and autologous bone marrow transplantation. She relapsed 7 months
after diagnosis and died 1 year after diagnosis.

CHP100: This tumor cell line was established in 1972 at the Children’s Hospital of
Philadelphia from a child with a mediastinal primary neuroectodermal tumor with
paraspinal extension and bone metastases without an adrenal primary.

TC SKNMC: This tumor cell line was established from a patient with neuroectoder-
mal tumor of the chest wall at Memorial Sloan Kettering Cancer Center (reported in
1973).

Peripheral Neuroepithelioma

10-15: 5-year-old male with a peripheral neuroepithelioma of the thigh with metas-
tasis to lymph node. He was treated with intensive chemotheray and local irradia-
tion. He is alive with no evidence of disease, 9 months after initial diagnosis.
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11-15: 17-year-old female with peripheral neuroepithelioma of left ilium and adja-
cent soft tissue. No catecholamines were detected. Despite intensive chemotherapy,
the patient developed widespread metastases and died within 1 year. The cell line
was established from a rebiopsy of the primary tumor mass prior to treatment in
1979.

20-3: 14-year-old male with peripheral neuroepithelioma of soft tissue posterior and
medial to femur with widespread disease involving bone, bone marrow, lung, and
epidural space. There was no evidence of an adrenal mass, catecholamine levels
were normal, and epinephrine levels were elevated.

Rhabdomyosarcoma

4-8: 12-year-old female with extremity alveolar rhabdomyosarcoma with nodal me-
tastases. She was treated with intensive chemotherapy, local irradiation, total body
irradiation, and autologous bone marrow transplantation. She relapsed 12 months
after diagnosis and died 14 months after diagnosis.

4-2: 9-year-old female with alveolar rhabdomyosarcoma metastatic to lymph node,
bone and bone marrow with a primary in the thigh. She was treated with intensive
chemotherapy and local radiation therapy. She is now alive with no evidence of
disease, 6 months after diagnosis.

TC131: This tumor cell line was established from a 19-year-old male with a left
chest wall (soft tissue) tumor. Electron microscopy showed cytofilaments typical of
primitive thabdomyosarcoma. The tissue culture was established in August 1983
and cloned.

Soft Tissue Ewing’s Sarcoma

10-2: 26-year-old male who presented with a large soft tissue mass arising in the
thigh and with extensive pulmonary metastases. The light microscopic appearance
of the primary tumor and pulmonary metastases were indistinguishable from Ew-
ing’s sarcoma of bone. However, ultrastructural features demonstrated evidence of
vascular channel formation by tumor cells and cell-cell attachments suggestive of
endothelial cells. He was treated with intensive chemotherapy, local irradiation,
thoracotomy, total body irradiation, and autologous bone marrow transplantation.
He relapsed 8 months after the diagnosis was made and is now responding to fur-
ther chemotherapy.

Ganglioneuroblastoma

11-7: 19-year-old male with ganglioneuroblastoma that arose in the adrenal gland
and was metastatic to bone and bone marrow. He was treated with intensive che-
motherapy and local irradiation; however, in spite of this treatment, the tumor re-
curred and he subsequently died after attempts at retrieval chemotherapy. The cy-
togenetic evaluation was undertaken at the time of relapse.



